Neonates are highly susceptible to viral infections in the periphery, potentially due to deviant cytokine responses. Here, we investigated the role of interferon-gamma (IFNγ), a key anti-viral in the neonatal brain. We found that (i) IFNγ, which is critical for viral control and survival in adults, delays mortality in neonates, (ii) IFNγ limits infiltration of macrophages, neutrophils, and T cells in the neonatal brain, (iii) neonates and adults differentially express pathogen recognition receptors and Type I interferons in response to the infection, (iv) both neonates and adults express IFNγ and other Th1-related factors, but expression of many cytokines/chemokines and IFNγ-responsive genes is age-dependent, and (v) administration of IFNγ extends survival and reduces CD4 T cell infiltration in the neonatal brain. Our findings suggest age-dependent expression of cytokine/chemokine profiles in the brain and distinct dynamic interplays between lymphocyte populations and cytokines/chemokines in MV-infected neonates.
Introduction
Infections by neurotropic viruses are among the most common congenital infections in newborns and contribute directly to the development of blindness, hearing loss, cognitive deficits, and epilepsy (Das and Basu, 2011) . Further, viral infections in the central nervous system (CNS) are hypothesized to indirectly contribute to neurodegenerative and neuropsychiatric diseases later in life due to damage from a previous infection (e.g. schizophrenia, Parkinson's Disease) (Jang et al., 2009; Khandaker et al., 2013; Landreau et al., 2012) . While it is clear that many neurotropic viruses are capable of causing significant disease in the neonatal brain, the functionality of the anti-viral immune response and how it contributes to neuropathology in neonates is poorly defined.
Neuronal loss during CNS infections may occur through direct infection and killing of neurons by the virus or through the anti-viral immune response generated against the infected CNS cells. In the brain, a non-cytolytic approach to viral clearance could be favorable for infected neurons, as these cells are largely non-renewable. Lytic approaches to viral clearance, such as through granzymes and perforins, carry the risk of irreversible damage and cell death to the infected neurons, which could contribute to long-term neurological deficits. In many adult models of CNS infection, the pleiotropic cytokine interferon gamma (IFNγ) is key to suppressing viral spread while sparing the infected neurons through non-cytolytic clearance, thus limiting neuropathology and viral replication (Burdeinick-Kerr et al., 2007; Hausmann et al., 2005; Larena et al., 2013; Patterson et al., 2002; Stubblefield Park et al., 2011) . However, in neonates, viruses often spread rapidly in brain tissue despite the initiation of an immune response (Hausmann et al., 2005; Kopp et al., 2014; Manchester et al., 1999) . This demonstrates the importance of better defining neonatal immune responses within the CNS.
Evidence from peripheral infections shows that the neonatal immune response induces a distinct cytokine profile when compared to an adult response against the same pathogen (reviewed in (Adkins et al., 2004) 
